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Nigerian 330kV Nigerian 330kV Nigerian 330kV (North (North (North (North----Central) Network Central) Network Central) Network Central) Network was modelled in the was modelled in the was modelled in the was modelled in the environment of Power System Computer Aided Design (PSCAD) and kept within the environment of Power System Computer Aided Design (PSCAD) and kept within the environment of Power System Computer Aided Design (PSCAD) and kept within the environment of Power System Computer Aided Design (PSCAD) and kept within the protected zone of the relay protected zone of the relay protected zone of the relay protected zone of the relay to to to to increase increase increase increase the Apparent Resistance causing the relay to malfunction. Therefore, it is the Apparent Resistance causing the relay to malfunction. Therefore, it is the Apparent Resistance causing the relay to malfunction. Therefore, it is the Apparent Resistance causing the relay to malfunction. Therefore, it is deduced by deduced by deduced by deduced by simulati simulati simulati simulation analysis on analysis on analysis on analysis that the presence of UPFC in a faulted transmission line loop, protected by distance relay greatly affects the trip that the presence of UPFC in a faulted transmission line loop, protected by distance relay greatly affects the trip that the presence of UPFC in a faulted transmission line loop, protected by distance relay greatly affects the trip that the presence of UPFC in a faulted transmission line loop, protected by distance relay greatly affects the trip boundaries of the distance relay by setting it to either an over reaching or an under reaching state. boundaries of the distance relay by setting it to either an over reaching or an under reaching state. boundaries of the distance relay by setting it to either an over reaching or an under reaching state. boundaries of the distance relay by setting it to either an over reaching or an under reaching state. Hence, Hence, Hence, Hence, the the the the tripping charac tripping charac tripping charac tripping characteristics of distance relay with UPFC located at various points with respect to a fault on a teristics of distance relay with UPFC located at various points with respect to a fault on a teristics of distance relay with UPFC located at various points with respect to a fault on a teristics of distance relay with UPFC located at various points with respect to a fault on a transmission line culminated in three scenarios whose transmission line culminated in three scenarios whose transmission line culminated in three scenarios whose transmission line culminated in three scenarios whose results were results were results were results were presented and discussed in this paper. presented and discussed in this paper. presented and discussed in this paper. presented and discussed in this paper. INTRODUCTION INTRODUCTION INTRODUCTION Distance relays are used as main and back-up protection for transmission lines. They have the ability to detect a fault within a pre-set distance along a transmission line or power cable from its location [1] .Its operation is based and governed by the ratio of applied voltage to current, which can be affected by several factors, including pre-fault line loading and short circuit levels at the line ends [2] . The basic principle of distance protection involves the division of voltage at the relaying point by the measured current. The calculated apparent impedance is compared with the reach point impedance. If the measured impedance is less than the reach point impedance, it is assumed that a fault exists on the line between the relay and the reach point. Distance relay is designed to operate only for faults occurring between the relay location and the predetermined (reach) point [1] . However, in the presence of Flexible Alternating Current Transmission System (FACTS) devices such as UPFC in particular, the conventional distance characteristic are greatly subjected to malfunction in the form of over-reaching or underreaching the fault point [3] . The control characteristics of the UPFC, the fault location with respect to the UPFC position greatly affects the trip boundaries of the distance relay on the transmission line and also very high fault resistance makes this problem more severe and complicated [4] . The issue of increasing loads at limited paths for new transmission lines has been reduced by introduction of FACTS devices into the network. Increased interests in improving the transmission system capability and power system controllability have resulted into widespread application of the FACTS [5] . The advent of FACTS controllers in the power system transmission open up new challenges to the line protection as they change the impedance of the lines dynamically. This is because of the added complexity due to the interaction of FACTS devices with the transmission system. The transients superimposed on the power frequency, voltage and current waveforms, particularly, at the occurrence of fault significantly differ from those systems not connected with FACTS 794 794 794 794 devices. Consequently, this phenomenon results in rapid changes in system parameters like line impedance and power angle. .  DISTANCE  RELAY  AND  ITS  TRIPPING  DISTANCE  RELAY  AND  ITS  TRIPPING  DISTANCE  RELAY  AND  ITS  TRIPPING  DISTANCE  RELAY  AND  ITS  TRIPPING  CHARACTERISTICS  CHARACTERISTICS CHARACTERISTICS  CHARACTERISTICS  Distance Relay is used as main or backup protection for transmission lines. Its principle is based on the division of the voltage at the relaying point by the measured current. The operating characteristics of many distance relays can be expressed in terms of the impedance or its components when plotted on a set of rectangular coordinates (R and X) whose characteristics form geometrical figures. The operating characteristic of a mho distance relay, also known as an admittance relay, is a circle that passes through the origin of the R-X plane. The third quadrant of the R-X plane is outside the operating characteristic of the relay, hence the faults on the bus side are not seen by the relay. The operating characteristics of a mho Relay is shown in Figure 1 [11] . Distance relay performance is defined in terms of reach accuracy and operating time. Reach accuracy is a comparison of the actual ohmic reach of the relay under practical conditions with the relay setting value in ohms [7] . Distance relays will have instantaneous directional zone 1 protection and one or more time delayed zones. The tripping signal produced by zone 1 is instantaneous which is set to cover only 80-85 per cent of the protected line. The remaining 20-15 percent provides a factor of safety in order to mitigate against errors introduced by the current and voltage transformers, and line impedance calculations. The 20-15 percent at the end of the line is protected by zone 2, which operates in 2 seconds. Zone 3 provides the back-up and operates with a time delay of 3 seconds [8] . The basic protection scheme is shown in Figure 2 [11] . : When fault occurs before UPFC, the Apparent Impedance of distance relay can be calculated using the conventional equations [7] . b. The UPFC between relay and fault: : :
: In this situation, the UPFC is at the fault path, the Apparent Impedance seen by the relay for phase to ground fault and phase to phase faults are shown below [9] . Figure 5 . The measured impedance at relaying point for a phase to ground fault at the transmission line can be calculated by the following equations
where M K is the voltage at the relay point. From Equations 1 to 3, it can be derived as: By substituting Equation (8) into Equation (7), the Apparent Impedance can be obtained thus,
In Equation 13
, P ]^_ is assumed zero because in practice, one side of the shunt transformer is often based on delta connection. The measured Impedance at the relaying point for phase to phase fault at the transmission line can be calculated by the following equations:
where M k , M l are phase voltages; P k , P m are phase currents and Q f is the measured Impedance by the relay. NB: For phase-to-phase fault there is no zero sequence networks involved. If the phase to phase fault in the presence of UPFC at the midpoint of transmission line occurs by substituting equation of the Apparent Impedance by the relay will be derived as
From equations (13) and (15), it can be seen that UPFC would affect the measured impedance at the relay by two terms, one results from the shunt current by the STATCOM and the other is as result of the series voltage by SSSC, which are components of UPFC. In Figure 7 when UPFC is installed at the beginning of the line, the measured impedance in the case of phase to ground fault is gotten by modifying equations (13) and (14). The resulting equation is:
For phase to phase we have, The protection system consists of two operating relaying zones, namely, zone-1 that performs primary protection and zone-2 that performs back-up, or remote-trip, protection. The transmission line length was set to be 125km, frequency of 50Hz, and fault on resistance to be 0.1Ω. A three phase fault was initiated on the line at 50km of the line. This implies that the zone 1 distance of the relay is 100km (80% of the protected line). The setting value in terms of the desired voltage for UPFC is 1.0pu. The UPFC was placed at various points (30km before fault, 20km after fault point and placed on another bus in the network). Then the network was simulated without UPFC to see the effect on the trip boundary of the relay. The three phase fault was set to occur at 0.491sec at the start of the simulation. In order to investigate the behaviour of the distance relay tripping boundaries upon application of UPFC, three scenarios were studied:
• UPFC placed before the fault loop, UPFC placed after the fault loop and The network without UPFC 6 6 6 6 RESULTS AND DISCUSSIONS RESULTS AND DISCUSSIONS RESULTS AND DISCUSSIONS RESULTS AND DISCUSSIONS 6.1 6.1 6.1 6.1 UPFC placed before fault UPFC placed before fault UPFC placed before fault UPFC placed before fault From Figure 11 , the blue circle (smaller circle) represents Zone 1 while the green circle represents Zone 2 (bigger circle) of the relay. The UPFC was placed at 30km of the transmission line which is exactly 20km before the fault. For the fault initiated, the relay tripped in zone 1, which is a correct operation of the relay. The relay tripped without having any interference from the UPFC, as the UPFC is not within the fault loop. 6.2 6.2 6.2 6.2 UPFC placed after fault UPFC placed after fault UPFC placed after fault UPFC placed after fault In Figure 12 , the green circle (smaller circle) represents zone 1 while the brown circle (bigger circle) represents zone 2 of the relay. The UPFC was placed at 70km of the transmission line which is 20km after the fault. Now, the relay tripped in zone 2, which is a malfunction of the relay (under reach) because at that distance, the relay is supposed to see the fault in zone 1. This malfunction can be attributed to the influence ratioˆP^_ P gWhij ‰ Š. Influence ratio becomes higher because of reactive power injection by STATCOM.
6.3 6.3 6.3 6.3 The Network without UPFC The Network without UPFC The Network without UPFC The Network without UPFC In Figure 13 , the blue circle (smaller circle) represents zone 1 while the green circle (bigger circle) represents zone 2 of the relay. The UPFC was totally removed from the network and the fault was . CONCLUSION CONCLUSION CONCLUSION CONCLUSION It has been established in this paper that the presence of UPFC in a faulted Nigerian (North-Central) 330kV Network considered and protected by distance relay greatly affect the trip boundaries of the distance relay by setting it to either an over reaching or an under reaching state. UPFC presented within a fault loop, thwarted the normal operation of a distance relay. This is because of the distortion of Apparent Resistance caused by UPFC that was noticed by the distance relay. Of course, this effect is highly undesirable considering the very critical operations of distance relays. Finally, it was observed that the absence of UPFC in the network and faulted loop does not affect the functionality of the relay, hence if UPFC is present in a network in the presence of distance relay, an Adaptive Relay setting is required to overcome the UPFC effect 8. 8. 8. 8. REFERENCES
